Dermatophytosis is the most common fungal infection in cats worldwide and plays an important role in both animal and human health due to their high zoonotic potential. Effective screening is a strong preventive measure and the fungal culture is quite useful but requires full laboratorial experience and it takes a long time to obtain the result. A rapid and accurate screening test for dermatophytosis in cats is crucial for the effective control of disease outbreaks. The aim of this study was to develop and evaluate the diagnostic efficacy of enzyme immunoassays (ELISA and Western blot [WB]) for the rapid and precise diagnosis of dermatophytosis in cats. Seventy cats of various ages were divided into three groups: S (symptomatic, n = 20), AS (asymptomatic, n = 30), and N (negative, n = 20). All animals were submitted to fungal culture and blood samples for carrying out the serological tests. A significant difference (P < 0.05) was found between IgG-specific levels of sera of Microsporum canis positive and negative animals. There was no statistic difference between groups symptomatic and asymptomatic. The ELISA test showed sensitivity of 94% and specificity of 75%. Receiver operating characteristic (ROC) analysis also showed higher diagnostic accuracy (AUC 0.925). The WB technique detected 13 bands, and the 50 kDa protein was considered the most immunogenic protein, observing reactivity in 83.3% in the symptomatic group and 66.6% in the asymptomatic group. The study concluded that ELISA and WB were useful tools to reliably detect cats that have been exposed to M. canis.
Introduction
Dermatophytosis is the most common fungal infection in cats worldwide and one of the most important infectious skin diseases in this species. [1] [2] [3] [4] The ringworm is a superficial mycosis of keratinized tissues such as hair, nails, and skin extract, caused by fungi called dermatophytes, which have keratinophilic and keratolytic properties. There are several species of fungus that can cause ringworm in cats, but the most common belong to the Microsporum and Trichophyton genera. There is great variation in the proportion in which these fungi occur in different parts of the world, and their incidence and prevalence varies with climate and natural reservoirs. 2, 3 The most common isolated species from cats is Microsporum canis, and this organism accounts for more than 90% of clinical isolates. 3, 5 Dermatophytes are transmitted by direct contact with infected animals, by contact with fomites, or by exposure to infected hair fragments in a contaminated environment. They are highly contagious and readily transmissible to humans, and it has been reported that 50% of people exposed to infected cats develop ringworm lesions. 2 Some cats, especially Persian, may have ringworm without any clinical signs of infection, such as hair loss or scaly skin. This condition is known as an asymptomatic carrier state and is of utmost importance because it is often considered an unsuspected risk. These animal host reservoirs pose a high risk because they can contaminate the environment, other cats, and even people with the infected hair containing hyphal fragments and/or arthroconidia. 1, 6 In this way, shelters or multicat environments can be heavily contaminated and can lead to cost thousands of dollars in diagnosis and treatment, generate completely unmanageable outbreaks and may also be a public health concern. 1, 6, 7 Therefore, prevention and control of dermatophytosis is an important component of animal shelter infection control. Effective screening is a strong preventive measure and fungal culture remains as the "gold standard" for diagnosis of dermatophytosis, but this method has limitations. [1] [2] [3] 6 Culture examination is slow, taking up to 2-3 weeks, and requires full laboratorial experience. New diagnostic tests are continuously developed, driven by demands for improvements in speed, cost, ease of performance, safety, and accuracy. The precision and quickness in diagnosis of dermatophytosis in cats, especially in asymptomatics, is a major challenge. Although a superficial disease, dermatophyte infections induce specific humoral and cellular immune response. The production of specific antibodies has been demonstrated in humans, cats, guinea pigs, rabbits, and dogs. [8] [9] [10] [11] [12] [13] 
Preparation of the antigen
The M. canis crude antigen was prepared according to a previously described method with modifications. 10 Initially, we selected six M. canis isolates obtained from naturally infected Persian cats. The fungus was identified by the morphology of the thallus and the microscopic appearance of macro and microconidia. Then, it was placed on Sabouraud broth (Difco) and cultured in an orbital shaker (160 rpm) for 15 days at 25 
ELISA assays
High binding microtiter plates (Corning, New York, USA) were sensitized with M. canis crude antigen (5 μg/ml; 100 μl per well in 0.1 M PBS, concentration previously determined by the check board titration), for 1 h at 37
• C. The last row was left free of antigen as control. After washing with PBS mixed with Tween 20 0.05% (PBS-T) the plates were blocked with 5% nonfat dried milk in PBS-T for 2 h at 37
Plates were washed two times with PBS-T and then, 100 μl of cat sera, diluted 1:50 (dilution previously determined in pilot tests; data not shown) in PBS-Twere added to each well (duplicate), and stored at 37
• C for 2 h and overnight at 4
• C in a refrigerator. After washing, 100 μl of 1:100 diluted anti-cat IgG peroxidase conjugate (peroxidase-conjugated goat anti-cat-IgG, Sigma-Aldrich Corporation, St. Louis, MO, USA) was added to each well. After an hour of incubation at 37
• C, the plates were washed and antibodies were revealed by the addition of a solution containing tetramethylbenzidine and hydrogen peroxide was added. The plates were kept in the dark for 15 min, and then, the reaction was stopped by adding 50 μl of 0.5 M sulphuric acid. The absorbance at 405 nm was measured immediately with an automated plate reader (Biotek ELX808 R , Winooski, VT USA).
Sodium dodecyl sulphate polyacrylamide gel electrophoresis and Western blotting
Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) was performed on a resolving gel of 10% polyacrylamide and 3% polyacrylamide stacking gel using a Bio-Rad Mini-PROTEAN R 3 Cell (Bio-Rad Laboratories, Hercules, CA, USA) apparatus. The solution of crude antigen in PBS was mixed at the ratio of 1:5 with sample buffer and heated for 5 min at 100
• C by immersion in a hot water bath. Twenty micrograms of protein were loaded per well. A molecular weight marker (Pre-stained Protein Standard, 260-3.5 Novex R , Waltham, MA USA) was loaded in the last well of each gel. Separation was carried out at a constant current of 80 V until the dye front reached the end of the resolving gel. Silver staining was performed using the reagents and the protocol from Bio-Rad Laboratories. For WB immunodetection, proteins were electrophoretically transferred to a PVDF membrane (0.45 μm pore size, Immobilon-P Membrane R , Bio-Rad, USA) using a semidry blotting system (Mini Protean R , Bio-Rad, USA) at 90 V and 350 mA for 1 h. After blotting, the nitrocellulose membrane was cut into strips for the testing of individual sera. Nonspecific binding sites were blocked with 5% nonfat dried milk in PBS with 0.05% Tween 20 (PBST) for an hour at room temperature with constant agitation. Following PBST washing, the strips were incubated with the tested cat sera (each diluted 1:50) diluted in 1.5% milk PBST overnight at 4
• C with constant agitation. After incubation and six times washing in PBS-T, the strips were incubated with anti-cat IgG peroxidase conjugate (peroxidase-conjugated goat anticat IgG, Sigma-Aldrich Corporation, St. Louis, MO, USA) diluted 1:100 in milk PBST for 1 h at room temperature with constant agitation. After three 15-min PBST washes, the strips were incubated with a peroxidase substrate (3,3 -N-diaminobenzidine tetrahydrochloride substrate solution, Sigma Chemical R , St. Louis, MO, USA) to visualize the protein bands. Each strip was left to dry at ambient temperature for at least 15 min and then it was taken to analyze the immunological profile of proteins. The estimated molecular weight of the visualized bands was determined using Quantity one (GEL DOC 1000, Bio-Rad, USA) software. The distribution of the bands in the three groups of cats was analyzed and correlated with the dermatophytespecific IgG concentration, which we previously measured using ELISA.
Analysis of results
For each serum tested, the optical density (OD) was defined as the mean of the absorbance difference between the antigen-sensitized wells and control wells. The cutoff value (A 405 = 0.25) was established by calculating the mean plus two times the standard deviation of the absorbance values of the serum samples from the negatives cats. Comparing the ELISA results against the gold standard represented by the fungal culture, the subjects were divided into four categories: true positives (TP) (culture positive, ELISA positive), true negatives (TN) (culture negative, ELISA negative), false negatives (FN) (culture positive, ELISA negative) and false positives (FP) (culture negative, ELISA positive). The intrinsic validity of the ELISA was evaluated by calculating the sensitivity (Se) and the specificity (Sp) of the test at the determined cutoff value, using the negative population described above and all the dermatophytic cats from groups A and AS. The parameters were obtained with the following formulas: sensitivity: TP/(TP + FN); specificity: TN/(TN + FP); positive predictive value: TP/(TP + FP); negative predictive value: TN/ (TN + FN) . Reproducibility of the test procedure was determined by intra-assay (CV1) and inter-assay (CV2) coefficients of variance (CV = standard deviation / mean) by measuring four replicates each of positive and negative controls in a single plate and subsequently in four separate assays. The accuracy (diagnostic performance) of the test was calculated as the area under the curve (AUC) of the receiver operating characteristic (ROC) curve. It was obtained by plotting the test sensitivity (true-positive rate) on the y-axis versus specificity (false-positive rate) on the x-axis. 17 The Kruskal-Wallis test was used for statistical comparison of results obtained between the groups of cats, and a P value of <0.05 was considered significant.
Results
Clinical and mycological examinations performed on 70 cats showed that only eight cats positive to Microsporum canis showed positivity to the Wood's lamp. The CV1 was 8.8%, while the CV2 was 9.3%. The area under the curve (AUC) from the ROC curve ( Fig. 1 ) was 0.925 and provided an excellent performance. The mean of the OD values of the symptomatic, asymptomatic, and negative group were 0.55 (range 0.14-1.20), 0.36 (range 0.16-1.1), and 0.10 (range 0.07-0.43), respectively. The cutoff value was fixed at 0.25 (the mean absorbance plus two standard deviations for all negative), giving the test a sensitivity of 94%, specificity of 75%, positive predictive value of 90%, and negative predictive value of 83% (Table 1) . A highly significant difference (P < 0.05) existed between the positive group (S and AS) and negative group (N). No significant difference existed between OD percentages in the symptomatic and asymptomatic cats. Despite the absence of the significant difference between the symptomatic and the mechanical carrier-cats, three (6%) cats showed OD percentages below the cutoff value. For cats of the negative group, only five animals had absorbance's values above the cutoff point (Fig. 2) . For the five animals with other skin diseases, the OD values were as follows: 0.15 (flea allergy), 0.34 (Malassezia dermatitis), 0.14 (atopic dermatitis), 0.14 (food allergy), and 0.43 (sporotrichosis). Western blot was performed in 60 serum samples and six samples of each group was randomly selected and represented in Figure 3 . A pattern of 13 principal bands was recognized with apparent molecular weights of 132, 83, 75, 73, 57, 54, 50, 40, 35, 33, 32, 30, and 25 kDa. However, not all protein bands could be identified with the same frequency. Table 2 summarizes the frequency of the appearance of the 13 immunodominant proteins in the three groups of animals studied. Many symptomatic animals (group S) were found to react against all proteins in the pattern. At least six specific bands were observed in 84% of the symptomatics serum WB profiles. The majority of antibody reactions was found for the 50 kDa protein (83.3%). Some sera from asymptomatic cats (group AS) showed reactivity against proteins, but their proportion was lower than the proportion of sera from symptomatic animals. A clear difference was observed between the positive and the negative cats, and although some negative cats showed reactivity to each of the 13 identified bands, in each case this was significantly (P < 0.05) lower than the proportion of dermatophyte-positive cats showing reactivity. Generally, when bands were visualized on blots probed with sera from the negative cats, they were stained with greatly reduced intensity compared with the dermatophytepositive cats (Fig. 3) .
Discussion
Although dermatophyte infection is confined to the superficial keratinized tissues, the present study confirmed the production of a specific humoral response both in symptomatic and asymptomatic cats. The results are in agreement with previous studies, which showed a clear antibody response in cats experimentally infected with Microsporum canis. 13 This study demonstrates that, both symptomatic and asymptomatic cats evoke clear specific IgG response. Although the group of asymptomatic cats has shown relatively lower OD values that symptomatic, there was no statistical difference, and they can be clearly distinguished from negative animals. To calculate the sensitivity and specificity of the ELISA test, fungal culture was used to compare because they still widely used as the gold standard in current veterinary clinical practice. 1, 3, 6 The test ELISA discriminated well between positive and negatives animals and show high sensitivity (94%) and good specificity (75%). The test has a higher sensitivity than that of direct microscopic hair examination carried out in dogs, cats, and humans and similar to that of fungal culture. 3, 14 Moreover, it requires only a short time with no particular ability or experience, and can be used to reliably perform large-scale screening and is relatively inexpensive (considering that the mycology laboratory will have a minimal structure). The test accuracy was calculated as the area under the curve (AUC) of the receiver operating characteristic (ROC) curve, presenting a value of 0.925, which classifies this test as highly accurate. 17 Although the sera from five negative cats reacted positively against the crude exoantigens M. canis, we cannot exclude previous infection, or previous exposure to the fungus or the presence of antibodies crossreacting with another fungal antigens. Previous studies showed that antibodies can persist after the elimination of dermatophytes from affected animals. [18] [19] [20] Two of these five negative cats showed OD values above the cutoff, 0.34 and 0.43, and we isolated Malassezia pachydermatis and Sporothrix schenckii complex, respectively. Some authors believe that dermatophytes may be overgrown by contaminants or co-colonizers and provide false negative tests to dermatophytes. 21 However, in our laboratory experience, the use of Mycosel Agar (Becton, Dickinson and Company, France) containing cycloheximide and chloramphenicol reduces drastically the contamination of bacterial and others fungal contaminants. In addition, in our experience, Malassezia pachydermatis does not have an expansive growth to the point of overlapping the colony of Microsporum canis. We believe that these high titers probably reflected serological cross-reactivity, and this hypothesis is supported by WB, which showed reaction only with 30 kDa band. This protein is present in several fungi and may not be specie-specific. [22] [23] [24] [25] However, in dogs, serological cross-reactivity with Malassezia pachydermatis has not been found, and further studies to determining the biochemical and genetic characteristic of cross-reacting antigens is need. 8 One of these five cats (without any skin disease) showed an OD of 0.27 on ELISA. Although Microsporum canis was not isolated in the fungal culture, the titers of anti-M. canis IgG associated with WB protein reactions (30,40, and 50 kDa) reinforce the belief that this is a false-negative culture result. It is important to point that this cat lived together with other cats (positives to dermatophytes), and it can be easily infected. Usually, molecular methods are more sensitive than culture and they can identify even a small amount of the fungal (directly or indirectly). In this case, the cat showed a borderline result on ELISA, and the use of WB was helpful to verify the result of the test.
Samples from the last two cats showed an optical density (0.26) very close to the cutoff and no bands in WB, which corroborates the possibility of being a false positive result. Ideally, the test should be repeated within 15 to 20 days to confirm this possibility, however this measurement was not made. Two cats of group S and one of group AS had no measurable antibodies in spite of a positive culture. To rule out laboratory errors as the cause of false negative results, the same negative sera were re-tested and found to have the same results. One potential cause for the falsely negatives titers is the fact that there exists a time window between onset of clinical signs and seroconversion during dermatophytosis.
Previous studies have shown that during experimental infection by M. canis in guinea pigs, IgG levels were detectable 14 days after the lesions appeared, while in cats, IgG were high when lesions first appeared in some animals and 4 weeks later in others. 20, 25 Additionally, this condition may reflect a failure in the immune system due to the complex interaction of fungal antigens with the immune system. The ELISA, which was developed, was shown to be valid with excellent sensitivity and specificity. All symptomatic and asymptomatic cats were shown to have significantly higher levels of specific IgG when compared to culture negative, regardless of the age. Thus, asymptomatic carriers can be clearly diagnosed and quite rapidly representing an important preventive measure because they are the most important variable in the transmission of the disease among cats and from cats to humans.
In the WB tests, thirteen bands were detected following molecular weights: 132, 83, 75, 73, 57, 54, 50, 40, 35, 33, 32, 30, and 25 kDa. These bands agree to those evidenced in previous studies where we found bands with weights ranged from 120-25 and 180-48 kDa. 22, 26 The band of molecular weight 30 kDa was found present in all positive cats and in 85.7% of group of cats considerate negative to dermatophytes. One might speculate that the high appearance is due to a possible cross-reaction, since some antigens are not be species-specific. 24 Some authors have previously shown, the immunogenic activity of this protease and concluded that it was immunologically identical to the proteases produced by environmental fungi, for example, Aspergillus fumigates. 22, 24 Thus, it is believed that there has been a cross-reaction because this fungus has a wide distribution and is commonly isolated in the fur of cats. 27 There was also intense reactivity with molecular weight of 50 kDa protein in both symptomatic group (83.3%) and in the asymptomatic (66.6%). In the negative group, only one animal showed the same reactivity. Probably, this positivity is due to earlier infection, and in addition, OD observed in the ELISA was well below cutoff. The results should be carefully interpreted, always in association with clinical and epidemiological data. The Western blot technique is not suitable for screening diagnostics because it is laborious and time consuming, but it is helpful to verify the specific antigen reacted that was detected by ELISA (especially in the case where the OD is very close to the cutoff). For screening potentially infected cats, the ELISA is sufficient.
Diagnosis of Microsporum canis infection is challenging, and this serological diagnostic test represents an important alternative to standard culture because they have many advantages, such as speed and accuracy. The purification of fungal antigens can reduce the cross reactions and increase the parameters of sensitivity and specificity.
Future studies of WB validation will be conducted in different Brazilian regions in order to evaluate a large number of samples. These antigens are currently being purified to develop a more specific diagnostic test for solving the problem of cross-reaction found with individuals infected with M. canis. This approach will probably increase the specificity of assays standardized in this work, as demonstrated in other studies with other mycosis using well-defined recombinant antigens. 28 This method can be performed by any professional, if properly trained and special attention should be given to read the test result.
